Flavonoid glycosides are a significant group of compounds found in Ginkgo biloba leaves, but the long extraction procedures in existing methods are a challenging problem. In this work, a microwave-assisted extraction (MAE) method has been developed for extracting bioactive compounds from G. biloba. Several variables were optimized, such as extracting solvent, microwave power, and extraction time that can potentially affect the extraction yield. The total phenolic content, antioxidant activity (using DPPH, ABTS and FRAP assays) and flavonoid glycosides of different extracts using RP-HPLC were assessed. The antioxidant capacity was found to be highest with MAE using 60% aq. ethanol as extracting solvent and microwave power of 120W for 20 min.
Ginkgo biloba L. is among the top 10 commercial plant products in the world. The pharmacological properties of its leaves include radical scavenging, improved blood flow, vasoprotection and antiplatelet activating factor activity. Ginkgo extract is also known for its anti-ischemic, antioxidant and anticonvulsant properties. Moreover, it has significant therapeutic effects on age related physical and mental deterioration and on cerebral vascular insufficiency, for example Alzheimer's and cardiovascular disease [1] .
The antioxidant properties of G. biloba preparations are connected mainly with polyphenolic constituents, comprising flavonoids (quercetin, kaempferol, apigenin, luteolin and their glycosides), biflavonoids (for example, bilobetin, ginkgetin, isoginkgetin), proanthocyanidins, catechins and phenolic acids [2] . ABTS assays have shown that Ginkgo leaf extract is an effective free radical scavenger. A few reports also reveal the antioxidant potential of G. biloba leaves and nuts [3] [4] [5] , but studies on the standardization of the extraction technique for the enrichment of antioxidant compounds is still lacking.
Presently, a numbers of reports are available on the extraction and purification of flavonoids from G. biloba leaves using super critical fluid extraction (SFE) [6] , leaching with an aqueous two phase system [7] , a molecularly imprinted polymer (MIP) [8] , ultrafiltration [9] , adsorption separation using resins and membranes [10] [11] [12] , and high-speed counter-current chromatography (HSCC) [13] . These methods are either tedious, require a large amount of solvents, use of costly resins and equipments or have poor recoveries. Extraction techniques that could be developed for routine analysis, like microwave assisted extraction (MAE), ultrasonic assisted extraction (UAE), and pressurized solvent extraction (PSE), with low solvent consumption and a reduced extraction period have been studied during the last three decades, but comparative studies of these methods, especially for the extraction of flavonoid glycosides from G. biloba, have not been attempted previously.
In continuation of our study on standardization and development of extraction procedures, as well as quantification of bioactive ingredients in important medicinal plants [14, 15] , we report here the optimization of MAE with reference to the extraction solvent, microwave power, and extraction time for the bioactive constituents of G. biloba. Also, comparison of MAE with other extraction methods has been carried out. The influence of the extraction technique on the antioxidant activity has also been studied.
Optimization of MAE:
The efficient extraction of phenolic compounds from the leaves of G. biloba with respect to various solvents was investigated using methanol, ethanol, acetone and their aqueous solutions. It was observed that 50% aq. ethanol was the most efficient for the extraction of phenolic compounds (Figure 1a) . The reason for the extraction efficiency with aqueous solvents is primarily due to the water soluble nature of plant phenolics, which enhances the solubilization of polar compounds from the plant matrix.
The extraction was also carried out in ethanol water solutions of different concentrations viz. 30 to 90% aq. ethanol, keeping extraction conditions the same as before. Figure 1b shows that the addition of water to the ethanol improved the extraction properties. The extraction of phenolic compounds increased when the ethanol content in water increased from 30 to 60%, reaching the highest value at 60%, and then starting to decrease. Therefore, 60% aq. ethanol was recorded as the optimum ethanol concentration as the extracting solvent.
To examine the effect of microwave power on the extraction yield of phenolic compounds, extractions were carried out with 60% aq. ethanol for 20 min at different microwave powers (40-140W) and the obtained extracts were analyzed for total phenolic content. Figure 1c revealed that with the increase in the microwave power, the phenolic content extraction was increased, and the highest efficiency was obtained when the sample was extracted with 60% aq. ethanol at 120W. The extraction of phenols again declined when the extraction was carried out at higher microwave power. Therefore, the optimum microwave power for further experiments was selected as 120W. With the increase in extraction time at the same power the quantity of the extracted analytes could increase, but degradation may also occur. Therefore, to optimize extraction time, extractions were carried out at 120W for different times using 50 mL 60% aq. ethanol as the extraction solvent. Figure 1d shows that with increase in extraction time from 4 to 20 min, the extraction yield of phenolic compounds increased and reached a maximum at 20 min. If the MAE time was more than 20 min, the extraction yield declined. Therefore, 20 min was selected as the optimum extraction time for the phenolic compounds.
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Comparison of different extraction procedures:
In order to compare the extraction capacity of MAE with other conventional extraction techniques for antioxidative compounds from aerial parts of G. biloba, Soxhlet, maceration, ultrasound assisted extraction (UAE), and the use of an orbital shaker were utilized. All the extractions were carried out with the optimized solvent i.e. 60% aq. ethanol, as discussed earlier. On mass yield basis, extraction times for UAE and Soxhlet were optimized as 45 min and 6 h, respectively. The percentage yields of the various extracts are shown in Figure 2 .
Extraction in an orbital shaker and maceration was carried out overnight. With MAE the percentage yield, total phenolic content •+ and FRAP), and the flavonoid glycosides obtained in highest amount were in the order of Soxhlet, maceration, UAE and orbital shaker (Table 1) . On extraction time, MAE was the fastest method, and just needed 20 min. An orbital shaker is not suitable for the extraction because of low extraction yield and long extraction time. The reason for the maximum extraction with MAE could be due to better penetration of microwave radiations into the plant matrix, which results in the subsequent rupture of the cells and release of intracellular products into the solvent. Thus MAE gives the higher extraction yield in a shorter time as compared with the other techniques.
The analysis of total polyphenols of different extracts obtained suggested that the MAE method was more effective compared with the other extraction methods under study and it could be used as an effective method to extract antioxidant compounds considering factors such as extraction time and solvent wastage. In different Ginkgo extracts the total phenolic content ranged from 15.4 to 36.2 mg of gallic acid equivalents (GAE)/g of dry plant material (Table  1) , which is in agreement with the literature data, which reported the total polyphenolic content as 24.8 mg of chlorogenic acid equivalents (CAE)/g dry plant material [5] . The orbital shaker yielded the least amount of phenols, whereas MAE yielding the highest. The Soxhlet and maceration methods showed comparable results.
The influence of different extraction techniques on the antioxidant activity was investigated using three bioassays viz. DPPH
• , ABTS •+ assay, and 13.9-41.7 mg by FRAP assay. Among the different ginkgo extracts obtained by MAE, the greatest antioxidant activity was measured by ABTS
•+ assay (99.8 mg of Trolox/g of plant material), followed by the DPPH
• and FRAP assays. A similar trend was observed in the Soxhlet, maceration, ultrasound and orbital shaker techniques. The antioxidant activity of the extracts obtained from MAE and Soxhlet were comparable, but Soxhlet extraction is a time consuming technique. On the basis of the results from the DPPH
• , ABTS •+ and FRAP assays, the microwave extracts of the aerial parts of G. biloba obtained using 60% aqueous ethanol were shown to exhibit significant inhibitory activity against free radicals, while this was comparatively less for the Soxhlet, maceration, UAE and orbital shaker extracts.
Ginkgo leaf extracts contain different flavonol glycosides in the form of mono-, di-and tri-sugar units of quercetin (Q), kaempferol (K) and isorhamnetin (I). Due to the non-availability of commercially available reference substances and the complex separation conditions, the normal procedure for the quantitative analysis of flavonol glycosides in Ginkgo leaf extracts is an acidic hydrolysis followed by HPLC analysis of the resulting aglycones. Quercetin, kaempferol and isorhamnetin, which contribute to the antioxidant behavior of the plant, were quantified in the extracts and were recorded to be in varying concentrations (Table 1) . It is also clear from Table 1 that the microwave extracts display the highest content (3.1 mg/g) of total flavonoid glycosides, followed by the Soxhlet (2.8 mg/g), maceration (0.7 mg/g), ultrasound (0.7 mg/g) and orbital shaker (0.5 mg/g) extracts, which further corroborates the observed trends in total phenolic contents and antioxidant activity.
To conclude, 60% aq. ethanol using MAE at 120W for 20 min was able to extract the maximum amount of antioxidant compounds from the plant matrix of G. biloba leaves. This technique provided an antioxidant enriched fraction, besides ensuring low solvent consumption, ease, and rapidity of the overall method compared with the other extraction methods tested. The consistency in the polyphenolic content, flavonoid glycosides and antioxidant activity suggested that phenolic compounds are mainly responsible for the antioxidant activity of Ginkgo leaf extract. This study could be useful for the preparation of nutraceutical formulations of G. biloba enriched in antioxidant compounds.
Experimental
Plant material: G. biloba leaves were collected from the institute's farm and the voucher specimens (PLP 12620) collected were identified, processed and deposited in the Herbarium of the Institute of Himalayan Bioresource Technology (CSIR), Palampur, India.
Microwave assisted extraction (MAE): Powdered plant material (5 g) was extracted with 50 mL of solvent in a domestic microwave for 20 min at 120 W microwave power.
Ultrasound assisted extraction (UAE):
Five g of powdered plant material was sonicated for a given time at a controlled temperature (40±5°C) with 50 mL of solvent in an ultrasonicator bath.
Soxhlet, maceration and orbital shaker extraction: Powdered plant material (5 g) was extracted either in a Soxhlet apparatus for 6 h at 60°C, or macerated overnight in 50 mL of solvent at room temperature, or extracted overnight immersed in 50 mL of solvent using an orbital shaker at 200 rpm at 37°C.
For evaluation of antioxidant activity, concentrated extracts were dissolved in ethanol to obtain final sample solutions of 1 mg/ mL. For HPLC analysis, each extract (100 mg) was hydrolyzed by the method as described in our previous report [16] .
Total phenolic content and antioxidant activity: These were assessed as described in our previous report [16] .
Chromatographic conditions: HPLC analysis was performed on a Shimadzu Prominence HPLC system, equipped with a LC-20AT quaternary gradient pump, a SPD-M20A diode array detector (DAD), a CBM-20A communication bus module, a CTO-10AS VP column oven, a Rheodyne injector, and Shimadzu LC solution (ver. 1.21 SP1) software. Separation was achieved on a Zorbax Extend C-18 column (250 mm × 4.6 mm, 5 μm) from Agilent (USA), at a column temperature of 35°C and a flow rate of 1 mL/min using a solvent system of 0.05% orthophosphoric acid in water: acetonitrile (50:50) in isocratic mode. The detection wavelength was set at 350 nm. Identification of compounds was performed on the basis of retention time, co-injections, and diode array spectral matching with standards. For the preparation of the calibration curve, standard stock solutions of compounds (1 mg/25 mL) were prepared in methanol, filtered through 0.45 µm filters (Millipore), and appropriately diluted to obtain the desired concentrations in the quantification range. The calibration graphs were plotted after linear regression of the peak areas versus concentrations.
